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Abstract. Wireless power transfer would be the niche of research in next decade which is
significant to reduce the cable and charges consumption for electronic devices. This paper
presents the simulation result of electric and magnetic wave behaviour in mid-range wireless
power transfer and various transmission distance in the range of 8 — 16 cm. Simulation result
using CST microwave studio shows that scattering parameter in the power transmission
decreases from 0.6509 down to 0.5137 with the increase in distance. The transmitted electric
field at the receiver decreases from 1615 V/m to 1086 V/m whereas the magnetic field
decreases from 32.63 A/m down to 24.85 A/m. Results show that 4-coils magnetic resonance
coupling is an ideal approach for mid-range wireless power transfer.

1. Introduction

Fundamental of wireless power transfer (WPT) was firstly introduced back in the 1800s [1]. Today,
WPT is gaining strong attention due to its functionality in transmitting power and energy over distance
using air as the transmission medium [2]. Such approach is to sustain a greener environment which is
free from chargers, cables and transmission wire. The operational WPT occurs in range of millimetres
(short range WPT), range of centimetres (mid-range WPT) and range of meters to kilometres (long
range WPT). There are numerous research of short range WPT since the past decade, and the
operation of long range WPT using radio-frequency or microwave has been ambiguous towards
human health impact [3, 4].

In such scenario, mid-range WPT has recently drawn researchers’ attention to achieve a high
transmission efficiency at a desired transmission distance [5, 6]. Mid-range WPT received great
achievement in 2014 when Korea Advanced Institute of Science and Technology (KAIST) produced a
209 W of power to charge 40 smartphones in the 20 kHz of operating frequency [7]. The major
drawback of the finding is that the set-up is bulky and immobile. Song et al. has recently discovered a
dielectric resonator to enhance the performance of mid-range WPT [8]. Tang et al. has presented an
improved mid-range WPT using segmented coil transformer which made applicable in implantable
heart pumps [9]. The improvement in the stability of mid-range WPT was justified by Lee et al. using
the implementation of relay resonator [10].

Several methods have been proposed to achieve mid-range wireless power transfer namely: 2-coils,
3-coils and 4-coils magnetic resonance coupling [11, 12]. Previous research justified that 4-coils
magnetic resonance coupling would be the promising method solely because it functions based on
impedance matching which hence optimized the power and energy level received by the load [13]. In
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2017, Yang has recently proved that 4-coils magnetic resonance is able to extend the power
transmission distance as compared to the 2-coils system [14]. This is because 4-coils system will have
a stronger magnetic coupling between the source and load coils.

This paper performs simulation work to observe the coupling between the 4-coils system as well as
to study the change in coupling and power transmittance achievable at the load coil when the distance
between the source and load coil varies. Section 2 presents the ideal circuitry of transmitter unit and
receiver unit for mid-range wireless power transfer which adopts the 4-coils magnetic resonance
coupling method and some fundamental equations for the magnetic coupled resonator. The simulation
result of wireless power transfer is presented in section 3 using CST microwave studio at various
transmission distance in the range of 8-16 cm. Comparative study of the scattering (S) parameter,
impedance (Z) parameter, electric (£) and magnetic (H) field behavior are presented and discussed.

2. Mid-range Wireless Power Transfer System Design

Figure 1 shows the ideal circuitry structure for a mid-range wireless power transfer. In the transmitter
unit, the rectifier will first convert the input AC wave to DC signal. Then the DC signal will be
converted to a high AC output via the oscillator. Power amplifier is recommended to amplify the
signal before power transmission at the coils. The 4-coils magnetic resonance coupling system
comprises of the source coil, transmitter (Tx) coil, receiver (Rx) coil, and the load coil [15].
Resonance coupling will occur between source and transmitter, transmitter and receiver, as well as
receiver and coil. Power transmittance and transfer in energy is achieved when the coils are operating
at the same frequency. Then, at the receiver unit, the rectifier will convert the AC output from the load
coil to a DC output. Finally, the DC output will power up the load connected at the end of receiver
unit. It is crucial to ensure that appropriate current and voltage value is received at the load to power
up electronic devices such as mobile phone, tablet, laptop etc.

Transmitter Unit

. g . Power Source .
> — )
Rectifier Oscillator Amplifier —> oot Air | Tx Coil
Air
Receiver Unit
Load | Rectifier Load Coil Air Rx Coil

Figure 1. Transmitter and receiver units for mid-range wireless power transfer

The coil inductance, L is defined using Wheeler’s equation [16]:

ri N2 (1)

L=
2.54 x (87 + 11b)

where r is the radius of coil, N is the number of turns and b is the depth of winding.
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A high quality factor (Q) is desired in wireless power transfer to ensure a high power efficiency.
The Q-factor of 4-coils system is expressed as [17]:

0=1 [t @)

RA+C

in which R is resistance, L is the inductance and C is the capacitance value.

The efficiency of transmittance rate which explains the rate of power transfer received from the
load coil from the source coil reads as [18]:

_Pow _ I4RL

_ 2 ©)
Pin I% (I:__S) - |512|

where I;and I, are current flow at source coil and load coil, respectively. In addition, Rg and R,
represent the resistance and source and load coils.
Maximum power transferred from the source coil to the load coil, |S;;|max IS €Xpressed as [15, 18]:

= k12k34Q1Q4R1 (4)

|512 |max_ k§3 W

where Q, and @, are quality factors at the source and load coils, w; and w, are the operating
frequency at source and load coil, k;, is the magnetic resonance coupling resonance between the
source and transmitter coil, k5 is the coupling between transmitter and receiver coil and ks,
is coupling between the receiver and load coil. From equation 4, a strong coupling of k,, and
ks, together with a low coupling of k,;would be ideal case to achieve maximum energy
transfer.

3. Results and Discussion

This research was undertaken to perform simulation of 4-coils magnetic resonance coupling which is
applicable in the mid-range wireless power transfer. Figure 2 shows the alignment of 4-coils structure
which comprises of the source coil, transmitter coil, receiver coil and the load coil. A discrete port is
placed at the source coil and load coil to transmit and receive signal, respectively.

Table 1 lists the variation of distance, d between source and transmitter, transmitter and receiver, as
well as receiver and load coil. This variation is significant to perform comparative study of wireless
power transfer at various transmitting distance.

Simulation is performed using CST microwave studio and results are presented in figure 3, 4, and
5. The electric field and magnetic field behaviours are observed when the coils are operating at a
resonance frequency. For all the simulation circuitry presented in figure 3-5, the radius of source and
load coils are 30 mm, whereas transmitter and receiver coils are ten turns with 50 mm of radius.
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Table 1. 3 sets of separation distance between source coil and load coil

Fig | d between source and | d between transmitter | d between receiver | d between source and
transmitter coil (cm) and receiver coil (cm) | and load coil (cm) | load coil (cm)

3 2 4 2 8

4 3 6 3 12

5 4 8 4 16

Transmitter coil

Source coil

Receiver coil

Figure 2. 4-coils system for magnetic resonance

Load coil

Table 2 lists the performance parameters of 4-coils system design in figure 2 at three various distance
between the source coil and load coil at 8, 12, and 16 cm of transmittance distance. The resonance
frequency is identified at 17.151 MHz, 18.551 MHz and 21.485 MHz. The resonance frequency is
identified at the maximum S-parameter value where the strongest coupling between the coils occurs.

Simulation result shows that the S-parameter for power transmitted from the source coil to load

coil (S;;) as presented in equation 4 decreases from 0.6509 to 0.5137 when the distance of
transmission increases from 8 cm to 16 cm. Such result reflects that the transmittance efficiency
decreases from 42.36 % down to 26.38 %. In addition, table 2 presents the impedance parameters and
the variation of electric field and magnetic field at the source and load coil.
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Table 2. S-parameters, Z-parameters, E-field and H-field distribution at various distance between

source coil and load coil

Fig S-parameters Z-parameters E-field (V/m) H-field (A/m)
Si1 Siz Z11 Z1 Source Load Source Load

3 0.3457 | 0.6509 | 34.67 42.62 1990.9 1615 54.94 32.63
4 0.4228 | 0.5745 | 27.19 32.99 1559.5 1546 55.30 31.56
5 0.4782 | 0.5137 | 28.55 28.69 1263.8 1086 53.62 24.85

- /N . |
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a) S-parameters b) Z-parameters
c) E-field distribution d) H-field distribution
Figure 3. Output parameters for 8 cm distance between source coil and load coil
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Figure 4. Output parameters for 12 cm distance between source coil and load coil
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Figure 5. Output parameters for 16 cm distance between source coil and load coil

4. Conclusion and Future Recommendation
This paper performs a comparative study on mid-range wireless power transfer at various
transmittance distance using magnetic resonance coupling. Simulation results shows that the resonance
frequency increases with respect to the transmission distance. The ratio of output power and input
power drops from 0.6509 down to 0.5137 when the transmission distance increases from 8 cm to 16
cm. In addition, the impedance parameters, electric and magnetic field behavior are compared. Hence,
result shows that magnetic resonance coupling is an ideal mechanism in mid-range wireless power
transfer. Power transmittance could be achieved at a higher transmittance distance, given that the coils
resonate in the same frequency. Other design parameters such as the ratio of distance between source
coil and transmitter coil with respect to transmitter coil and receiver coil as well as number of turns or
radius of the coil could be further investigated to achieve an optimum performance result in mid-range
wireless power transfer.
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